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Foreword and Acknowledgments

Many people who would like to attend college are unable to do so
becausie they haven’t the time or means to get to traditional
Classrooms on a traditional schedule. The person with a career
outside the home, the person caring for small children, the disabled
perscn - all of these individuals may find themselves shut out from
furthering their education.

Other students find the traditional classroom to be boring or
ineffective for them. For instance, they might like to play a more
active role in discussions and projects applying the skills and ideas
covered in the courses, or to have more control over the pace a’
which material is covered.

The Virtual Classroom, an innovative program originating at New
Jersey Institute of Technology, brings the university into the homes
and work places of such students through the use of computers.
Specially designed computer software electronically links the Virtual
Classroom student to his or her professors and classmates. Using a
microcomputer, a telephcne, and a device called a mocem, the student
attends lectures, takes tests, receives feedback from professors,
attends conferences with fellow students, and more. The advantage is
that the student need not adhere to a schedule of class meetings.

The student decides at what time of day he or she will review a
lecture, ask a professor a question, take a test, etc. Computer
messages can be sent by the student and the professor at any time of
the day or night.

During the second year of the project, "Tools for the
Enhancement and Evaluation of a Virtual Classroom," prototypes of

software tools to support online classes were implemented within




"EIES1," the Perkin-Elme--based version of the Electronic Information
Exchange System, and courses were conducted partially and totally
online. 1In addition, during this time work progressed on PC-based
sofiware, called "Personal TEIES," which allows the integration of
graphics (pictures, equations, and other symbols not present on a
standard keyboard) with text. As an operational trial of a new mode
of educational delivery, a variety of evaluation methods were used to
assess the effectiveness of the Virtual Classroom, especially as
compared with courses taught within a traditional (physical)
classroom. Of particular interest was the identification of
variables which were related to relatively good and relatively poor
outcomes for students within this new educational environment. This
report of results is divided into two parts; Volume 1 includes a
pProject overview and results from the students’ points of view, and
Volume 2 presents the experiences of the instructors and a guide for
effective teaching online. Volume 1 incorporates extensive material
from two interim reports:

.Thne Virtual Classroom: Building the Foundations. Research Report
24, cCCC at NJIT, September 1986.

.Evaluating the Virtual Classroom: Revised and Upd: ted Plan. cccc
Technical Report 87-16, March 1987, .

Detailed specifications for the software appear separately:

Starr Roxanne Hiltz, Branching Capabilities in Conferences: A Manual
and Functional Specifications. Technical Report 86-1, CCCC at
NJIT, 1986 (Revised 1987).

B.J. Gleason, Instructional Management Tools on EIES. Technical
Report 87-12, CCCC at NJIT, 1987.

John Foster, Final Design Specifications for Personal TEIES 2.0:
Text and Graphics Composition System and Personal Communications
Manager. Technical Report 87-15.2, CCCC at NJIT, 1987.

Heidi Harting, User Manual for Personal TEIES 1.0. Technical Report
86-4, CCCC at NJIT, 1986 (Revised 1987).

Du:'ing the third year of the project, the software tools

6

ii




designed and implemented on EIES1 will be rewritten in the "“C"
language and implemented on TEIES, the Tailorable Electronic
Information Exchange System. A Virtmual Classroom on TEIES will
operate on any IBM-VM mainframe, and will be made available for lease
to interested educational institutions. Limited beta testing will be
carried out, but no systematic evaluation such as reported here will
be conducted, unless additional funding is secured.

In "Building the Foundations," I described my role as Principal
Investigator for this project as something like tiat of an orchestra
conductor. I had a vision of what the final product should be like.
To achieve it, however, required the skill, hard work, and
cooperation of hundreds of people. The project described here is the
evolving creatiorn of many people working together. 1If I am the
conductor, then four people can be said to be playing key parts as
"section leauars:" Ellen Lieberman-Schreihofer, who is Assistant
Project Director for Research and Administration: John Foster,
Assistant Project Director for Software Development; Steve Ehrmann,
the Annenberg/CPB Project Officer who has always been available for
good and timely advice; and Ron Rice, who serves as Chairperson of
the Evaluation Panel. The software development team included Murray
Turoff, Irina Galperin, B.J. Gleason, Tod Gordon, Heidi Harting, Sal
Johar, Roland Sagolla, Sidney D’Souza, and Abdo Fathy Youssef.
Research and administrative support was contributed by Bob Arms,
Judith Ennis, Tanmay Kumar, 3.V. Sudarshan, Cindy Thomas, and Dina
Vora. George Baldwin volunteered his help in conducting intensive
interviews with a small number of students. The offices of the
Registrar and Public Relations at NJIT and Upsala were particularly
cooperative in contributing their time to the project. Faculty

members who developed and offered online courses or portions of




courses and who endured the extensive demands of the evaluation
procedures included Lincoln Brown, Roseann Dios, B.J. Gleason, Glenn
Halvorson, Linda Harasim, Enrico Hsu, Robert Meinke, sSylvia K. Rudy,
and Mary Swigonski. The full Advisory Board is listed in the
Appendix, including identification of those who took on the arduous
duty of scerving on the Evaluation Panel; they have made many valuable
suggestions which helped a great deal in setting the priorities for
the project. Finally, the cooperation of the participating students
is also fundamental, and I am grateful toc each one who has filled out

questionnaires, sent a bug report, or shared an idea for improvement

in procedures.
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EXE( o+ MMARY
A VIRTUA/ ..{5.. .OOM ON EIES
FINAL “YALf'A 'ION REPORT

The Virtual Classroom [TM] 1s a system for learning aid
communicating via connected computers. Students in the Virtual
Classroom share their thoughts, questions and reactions with
professors and classmates using computers equipped with specially
designed software. The software enables students to send and receive
messages, interact with professors and classmates, read and comment
on lecture material, take tests and receive feedback, and more,
without having to attend scheduled classes. Learning can take vlace
at any location in the world and at any time of the day using a
computer on campus, at home or in the workplace.

The primary gcal of tha project is to demonstrate that it is
possible to use computer-mediated communication systems to improve
access to, and the effectiveness of, post-secondary educational
delivery. The most important "product" of the project is knowledge
abeut the advantages and disadvantages of this new technology. The
two key research questions that arise are:

Is the Virtual Classroom a viable option for educational delivery?
That is, are outcomes, on the whole, at least as good as outcomes

from face-to-face, traditional classroom courses?

What variables are associated with especially good and especially
poor outcomes in this new teaching and learning environment?

During the past two years, with major funding from the
Annenberg/CPB Project, New Jersey Institute of Technology has
constructed a prototypical virtual Classroom, offering many courses
fully or partially onlire. Students and professors, using personal
computers, communicate with each other through a larger, centralized

computer running a computer-mediated commun’cation system called EIES
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(Electronic Information Exchange System), that was enhanced with
special suftware to support educational delivery. EIES runs
specifically on a Perkin-Elmer Corporation computer which resides at
NJIT. However by the fall of 1988, an IBM mainframe version of the
Virtual Classroom will be made available for lease.

The final evaluation report summarized here includes a
description of the software developed and of the quasi-experimental
research design used to assess its effectiveness as compared to
traditional classrooms. The first volume of the report focusses on
the results for students, while the second volume presents tile
accumulated wisdom of the faculty members who took part in the

experiment.

SUMMARY OF VOLUME I

Software Innovations

Conceptually, we divided these into three types:

- "Branch Activities" can be attached to a class conference in order
to support special types of assignments, or delivery of material
for activities that involve the whole class. An "activity" is an
executable program rather thanr ordinary text. For example, initial
activity types include reading of long documents, examinations,
¢ 1itional question and response delivery, compiling and running
Pascal or Fortran programs, and selection of choices from a list.

« Support tools help the instructor manage assignments, grading and
quizzes for individual students. Instructional management tools
include an electronic gradebook and routines to collect and track
the submission of assignments.

- Personal TEIES [TM] is microcomputer-based software which
integrates the composition and display of graphic elements mixed
with text, and manages the uploading and downloading of material.
It provides a blackboard-like facility for the Virtuai Classroom.

Collaborative Learning Strategies

Computer-Mediated Communication is particularly suited to the
implementation of collaborative learning strategies or approaches.,

Collaborative learning means that both teachers and learners are
2
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active participants in the learning process. In this environment,
knowledge is not something that is "deliverea" to students, but
rather something that emerges from active dialogue among those who
seek to understand and apply concepts and techniques. All courses in

this project attempted to include collaborative learning elements.

Research Methods

In order to explore our key research questions, we observed a
variety of courses, students, and implementation environments. The
primary research design is based on matching but "non-equivalent"
sections of the same course taught in the Virtual classroom (VC) and
in the Traditional physical Classroom (TC). Though the same teacher,
text and other printed materials, and midterm and final exams were
used, the classés were "non-equivalent" because the students were
able to select the delivery mode. The matching courses included
Introductory Sociology at Upsala College, freshman-level
Computer-Assisted Statistics at Upsala, Introduction to Computer
Science at NJIT, and an upper-level course in statistics at NJIT.

The two colleges provided very different implementation environments.
Upsala is a small liberal arts-oriented college with one
microcomputer laboratory and little prior integration of computing
into the curriculum. NJIT is a technological university wnere for the
last three years incoming freshmen have been issued IBM-PC compatible
microcomputers to take home, and where computers are used in all
freshman-level courses.

In the study several other courses and sections were included in
order to increase the number of subjects and the generalizability of
the findings. Three online courses were repeated in order to allow
the instructors to try to improve them, based on experience. Some

other courses were taught througyh a combination of online and
3
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traditional approaches (mixed mode). One of these mixed mode courses
was NJIT's management conrse for majors in other fields (0ss 471),
which had one section that <onducted its management laboratory
exercises in the traditional manner (offline), and one which used the
VC as a "Virtual Laboratory." Other courses which used VC in a mixed
or adjunct mode included Organizational Communication, a Freshman
Writing Seminar, an Anthropology course on North American Indians,
and a course in Business French (all at Upsala).

The project also included some data collection on courses
offered online to distance education students by other institutions:
the media studies program offered by the New School through Connected
Education on EIES and a graduate-level course offered by the Ontario
Institute on the PARTIcipate system. In all, data were collected
from a total of 150 students in completely online courses, 111 in
mixed-mode courses, and 121 in traditional or "control" courses.

Most of the data used in the study were collected through
pre-and post-course questionnaires. However, we also gathered
behavioral data (including grades, when appropriate or available, and
amount and type of online activity) and qualitative observations and
interviews.

Impilementation Problems

The implementation of the prototype Virtual Classroom was far
from optimal. Problems included:

.Insufficient recruitment of students for the experimental online
sections.

-Opposition from faculty members who believed that the medium would
fail to adequately deliver college~level courses and/or that it
would be unfair competition, causing decreased enrollments in
their courses.

.Failure to adequately inform all students enrolled in the
experimental sections concerning the nature of the educational
experience in which they would be involved (despite explanations
in registration material, campus newspaper articles, flyers and

4
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posters).

-Inadequate amounts and quality of equipment for student access,
especially at Upsala.

-Limited capacity of the central host (EIES), which was sometimes
saturated, resulting in slow response or busy signais.

.Unfinis@ed software tools to support the Virtual Classroom,
includiny the graphics package that had been considered vital to
me of tne courses.
.Resistance by some students to collaborative learning.
.Deliberate student misbehavior.

. Impossibility of rigid experimental control which "holds everything
constant" except the medium of course delivery.

These problems interacted. For instance, we had initially
anticipated only four courses involved in the experiment. Many other
courses were later added to the study, due in part to the low
enrollment in the experimental sections. Each additional course had
its own unique problems and demands, increasing the overload on the
project’s limited staff. It would have been more effective to
implement the project over a longer time period. Though some of the
implementation difficulties were due to the pioneer nature of this
effort, the first implementation on any campus is likely to encounter
similar difficulties. Thus, other colleges and universities are
advised to start small. Select one or two courses for the initial
efforts. The staff who gain experience can become the coaches for
subsequent expanded programs.

Inpacts on Students

Despite implementation problems, tne outcomes of this field
experiment are generally positive, supporting the conclusion that the
Virtual Classroom mode of delivery can increase access to, and the
effectiveness of, college~level education.

The results of statistical analysis of data relating to the

major hypotheses concerning outcomes are listed below. Initially,
5
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there was a separate hypothesis that the mixed-mode results would
not simply represent an "average" of the Virtual Classroom and
Traditional Classroom modes, but.might have some un’que advantages
and disadvantages. 1In the following summary, results related to this
speculation are included in reviewing each of the other hypotheses.
Hypothesis 1: There w:ll be no significant differences in scores
measuring MASTERY of material taught in the Virtual and
Traditional Classrooms.
Finding: No consistent differences. In one of five courses, \C
final grades were significantly higher.
This hypothesis was tested using a quasi-experimental design which
compared the midterm exam scores, final exam scores, and final grades
altained by students in matching sections of five courses. In
Computer Science, student performance tended to be significantly
better, on the average, as measured by grades. Though there are no
statistically s.gnificant differences for the two freshman level
courses ' clology and Statistics, these were courses in which many
students dic. O or F work in both modes, and the instructors tended to
feel that the mode further disadvantaged young, poorly motivated
students with marginal levels of reading, writing and quantitative
skills.

Hypothesis 2: VC students will perceive it to be superior to the TC
on a number of dimensions:

2.1 CONVENIENT ACCESS to educational experiences (supported) :
Students rated the VC as more convenient than the TC.
2.2 Increased PARTICIPATION in a course (supported) .

2.3 Improved ability to apply the material of the course in new
contexts and EXPRESS their own IDEAS relating to the material.

Finding: Increased confidence in expressing ideas was most likely to
occur in the mixed modes courses.

2.4 Improved ACCESS to their PROFESSOR (supported).

6
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2.5 Increased level of INTEREST in the subject matter, which may
carry beyond the end of the course.

Finding: This is course-dependent. Though the averages for measures
of increased interest are higher for both the VC and mixed
modes, the overall scores are not significantly different.
Interest Index scores are highest for the VC mode at NJIT and
for the mixed -mode courses at Upsala.

2.6 Improved ability to SYNTHESIZE or "see connection among diverse
ideas and information."

Finding: No significant differences overall; mode interacts with
course.

2.7 COMPUTER COMFORT: improved attitudes toward the use of computers
and greater knowledge of the use of computers (supported).

2.8 Increased levels of communication and cooperation with other
students in doing coursework (Group COLLABORA:ION).

Findings: Mixed and course-dependent. For example, although 47% of
all students in VC and mixed-modes courses felt that they had
communicated more with other students than in traditional
courses, 33% disagreed. The extent of collaborative learning
was highest in the mixed-mode courses.

2.9 Improved Overall QUALITY, whereby the student assesses the
experience as being "better" than the TC in some way, involving
learning more on the whole or getting more out of the course
(supported).

Though the average results supported most of the above
predictions, there was a great deal of variation, particularly among
courses. Generally, the above outcomes were dependent more on
variations among courses than on variations among modes of delivery.
The totally online upper level courses at NJIT, the courses offered
to remote students, and the mixed-mode courses were most likely to be
perceived by the the students as "better".

Hypothesis 3: Those students who experience collaborative learning
in the Virtual Classroom are most likely to judge the outcomes of
online courses to be superior to the outcomes of traditional
courses.

Finding: Supported by both correlational analysis of survey data and
qualitative data from individual interviews. Those students who
experienced high levels of communication with other students

and/or with the professor were most likely to judge the outcomes
of VC courses to be superior to those of TC courses.




Outcomes are Related to Student Characteristics In many cases,

results of the quantitative analysis are incenclusive in determining
which is "better," the VC mode or the TC mode. The overall answer
is, "it depends." Reported outcomes related to Hypothesis 2 above
are superior for well-motivated and well-prepared students who: have
adequate access to the necessary equipment; take advantage of the
opportunities provided for increased interaction with the professor
and other students; and actively participate in a course. Students
lacking the necessary basic skills and self-discipline will do better
in a traditionally delivered course. Critical to whether or not the
VC mode is "better" is the extent to which the instructor is able to
build and sustain a cooperative, collaborative learning group. It
must be noted that it takes new types of skills to teach in this new
way.

The VC is not without its disadvantages, and it is not the
preferred mode for all students (let alone all faculty). Students
(and faculty) report that they have to spend more time on a course
taught in this mode than they do on traditional courses. Students
also find it more demanding, since they are asked to play an active
part in the work of the class on a daily basis, rather than just
passively taking notes once or twice a week. For students who want
to do as little work as possible in a course, the Virtual Classroom

tends to be perceived as an imposition rather than an opportunity.
TEACHING EFFECTIVELY ONLINE: A SUMMARY OF VOLUME II

Getting Started

In order for students to participate effectively in the Virtual
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Classroom, they must have adeguate access to the system, feel
comfortable with the medium and with each other, and know what is
expected of them. To create these conditions, the instructor must be
competent in using the system and have a course design worked out
ahead of time, one appropriate to the medium and the capabilities of
the specific system and students. Before trying to teach an entire
course online, it is a good idea for an instructor to observe and
participate in conferences conducted by others, and to practice using
the editor and the advanced features of the software that will be
used. It is preferable for a faculty member to begin teaching in the
Virtual Classroom by conducting a mixed-modes (part VC and part TC)
course. Faculty feel that, with practice, they gain a great deal of
skill in teaching this way and that the amount of time and effort
required decreases dramatically with experience.

Teaching Techniques

Responsiveness to the students is the single most important
attribute of an effective cnline “eacher. This requires daily
attention (about 30-60 minutes a day). The instructor must act as a
discussion leader and stimulator of active participation, and as a
coordinator of and advisor for collabora‘ive learning activities. The
instructor must also establish procedures by which individuals can
organize and monitor the heavy flow o7 material that occurs in a
successful VC.

Mixed-Medi1 Courses

It is assumed that all VC-based courses are multi-media in the
sense that text books, readings and other print~based materials are
used by students. Lengthy materials available in print should be
distributed that way, not put into a computer system to be read on a

CRT.
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However, the VC czn be used to supplement courses delivered
primarily face-to-face or via distance education modes such as audio
and video. For example, it has been used to:

.Serve as a "Bulletin Board" where updated information on
assignments or exams is posted for students to check between

“lasses,

.Act as '"electronic office hours" for student communication with the
instructor.

.Serve as a medium for students to submit assignments and receive
feedback. 1In some cases, this has extended to thesis advisement
or independent study guidance.

.Conduct public tutorials. Questions and answers from students are
posted for all to see, on tlie assumption that if one student has a
problem with a subject covered in class or in the text, other
students may be encountering the same difficulty.

.Facilitate group projects, providing a working environment without
having to meet at the same time and place.

For such adjunct use of VC to be successful, students must see
the online segment of activity as important enough to motivate them
to use the system frequently and participate actively. In some
distance education courses, students have been encouraged, when
needed, to get online and send questions to their instructor. If this
was entirely optional and other students were not informed of, or
responsgible for, issues discussed in these exchanges, few students
bothered to sign online at all.

When using VC in an adjunct mode, the instructor must stress
that it is a course requirement. It must be stated clearly that
grades will be related to the amount and quality of students’ online
activity-« undergraduates seem to respond primarily to this motivator
("Will it be on the test?"). Online activities should be spread
evenly throughout the course, as opposued to a few scattered
assignments so far apart that students never get in the habit of
signing on at least twice a week, and forget how to use the system

10
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between sessions. Generally, a course ‘hat is approximately half
online and half via other modes is a good mix.

Finally just as with a totally online course, use the medium
frequently, not just for one-~to-one communication between teacher and
student, but as a tool for group collaboration and activity. This
extends and enhances the course activities that occur through other

media.

CONCLUSIONS

The Virtual Classroom is a viable delivery option for
post-secondary education. On the average, outcomes are at least as
good as outcomes for traditional courses, while access to educaticnal
opportunities is improved. The average student who participated in
this experiment reported an improvement in both the access to, and
the quality of, the educational experience.

However, improved outcomes are contingent upon providing
adequate access to equipment, faculty effort and skill in teaching
with this new tool, and student characteristics. Students who are
motivated, self-disciplined, and possess average or better
quantitative and verbal skills (as measured by tests such as the SAT)
are likely tu experience superior outcomes, as compared to
traditional courses., Students who lack motivation and basic college
level skills, or who must travel to use a computer terminal for
access, are more likely to drop out of an online course, to
participate more irregularly, and to perform more poorly than in a

traditional course.
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C"APTER 1: INTRODUCTION AND OVERVIEW

Perhaps a scenario is the next best thing to "being there" for
understanding what a "virtual Classroom" system is like. Picture a
snowy Saturday afternoon in early December. Jenny Smith pours
herself a mug of coffee, tirns down the volume on "Twisted Sister"
slightly, and decides to "go to class." She powers up her Personal
Computer, presses the key for auto-dial, and she’s there.

The first thing Jenny does is check her waiting messages. Her
professor has graded the Fortran assignment she turned in online two
days ago and commented on it ("A careless error in line 34, Jenny.
Also take a look at Bob’s assignment for a somewhat more elegant
solution. Grade: 85"). Then she checks the gradebook to see what
her average now is: 88, she’s going to have to do a really solid A on
the final exam to get an A in the course. Then Jenny joins the class
conference. She picks out the "branch" where assignments are
deposited. There’s a special program that allows you to look at the
other students’ assignments only after yours is completed too. She
finds Bob’s program, and lists it. Hmmm... yes, that was a better
way to handle that part of the problem.

Last night, she had read the assigned textbook chapter for the
last unit of the course. She notes the last lecture is in the class
conference, and downloads it to her PC. Later, she will print it and
read it carefully, using a highlighter to mark the parts she will
want to review before the final.

An informal "one-lirer" appears on her screen: "Hi Jen-- Wanna
chat?" (Her account is set to allow others to interrupt with "real
time" messages).

"Hi Sam-- not unless you provide a virtual fireplace and some
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marshmallows, " she types back.

Jenny spends about 20 minutes reading the latest comments by
other students in the debate about artificial intelligence. (Is it
possible? What is it? Is it good or bad?) She adds a comment of her
own, then decides to check into the "cafe" before leaving, where
there is a discussion going on about surrogate motherhood. That'’s
not part of the course, but sort of an "extra-curricular activity,"
like going to the school pub, that students and professors from many
courses can join. Later tonight, when she has studied the lecture,
she will sign on again and take the weekly quiz. Jenny works full
time, and tries to dc most of her work for the course on the
weekends.

*kkkk

A "Virtual Classroom" can be defined as a teaching and learning
environment located within a Computer-Mediated Communication System
(CMCS). Rather than being built of bricks and boards and metal, it
consists of a set of communication and work "spaces" and facilities
constructed in software. 1In order to be considered a "Virtual
Classroom," the system must support all or most of the types of
communication and learning activities available in the "traditional"
(physical) classroom and campus. There should be an interaction
space like a classroom where the "teacher" or others may "lecture"
and where group discussions may take place; a communication structure
like "office hours" where student and teacher may communicate
privately; the ability to administer, collect and grade tests or
assignments; and the ability to divide a larger class into smaller
working or peer groups for collaborative assignments. Ideally, there
should also be the equivalent of a "blackboard" where diagrams or
equations may be posted for discussion or note-taking.

13
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One differenc. between the two learni 'y environments is that in
the Traditional Zlassroom (TC), most interaction takes place by
speaking and listening (though it may be supplemented by writing and
reading from a blackboard or from "handouts.") In the Virtual
Classroom (VC), interaction takes place almost entirely by typing ar.1
reading from a computer terminal (though it includes the use of print
materials such as texthooks, and may be supplemented by an occasional
face-to-face meeting or telephone call). Because it is iocated
within a CMCs, interaction among teacher and students in the Virtual
Classroom is also asynchronous, with the computer storing waiting
communications for each participant.

Using the analogy of software structures to emulate
interactional forms in the traditional classroom gives the
unfortunate impression that the VC can never be more than a
second-best simulation of a TC. On the contrary, a collaborative
learning environment that is computer-mediated can support some types
of activities that are difficult or impossible to conduct in
face-to-face environments, particularly if there is a large class.

In addition, discussion and communication about the course becomes a
continuous activity, rather than being limited to a short scheduled
time once or twice a week. Whenever a student has an idea or
question, it can be communicated, while it is "fresh."

Both face-to-face and CMC as modes of communication have
strengths and shortcomings (See Hiltz, 1986a). The relative
effectiveness of a VC is conti - :nt on the teacher conducting the
course in a manner which fits the characteristics of the medium, the
nature of the course materials, and the characteristics of the
students. It depends on whether or not teachers and students take
advantage of its potential to support an active learring process that

14



incorporates extensive interaction among students and between
instructor and students (Hiltz, 1986b). It als . raquires adequate
access to the recessary equipment (PC’s and modems), so that the
students may easily access the facility. The basic premise of this
project is that given the right software tools and depending on these

contingencies, the VC can actuallv be a more effective mode of

delivery for post-secondary education than the TC.

At least equally important as comparisons to face-to-face
delivery modes would be comparisons to non-interactive forms of
distance learning, such as the correspondence course or a television-
based course;' Such comparisons were not included in this study, and
are an important focus for future research. For instance, one might
compare the same course delivered via television broadcast, conducted
totally via the Virtual Classroom approach, or offered in a mixed
modes format which combined T.V. broadcasts with online discussion
and assignment submission.

This document describes the goals of the Virtual Classroom
project, its implementation and use in a prototype form, the
theoretical framework which guided the implementation, the evaluation

methods, and the results. The primary goal of the evaluation was to

determine the exchangeability of the outcomes of student experiences

in the Vvirtual Classroom with those in the traditional classroom; and

to identify characteristics of students and of online interaction

which were associated with the most sucuessful outcomes for the Ve

environment. Particular emphasis was placed upon the extent to which

educational processes in the Virtual Classroom facilitate
collaborative or peer group learning, whereby students learn through
communication with one another. 1In addition, attention was paid to
capturing and documenting implementation problems.
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In order to explore these questions, it was necessary to observe
a variety of courses, students, and implementation environments. The
primary research design rested upon matched but "non-equivalent"
sections of the same course taught online and in the traditicnal
classroom. Though the same teacher, text and other printed
materials, and midterm and final exams were used, the classes were
"non-equivalent" because the students were able to self-select
delivery mode. The matched courses included Introductory Sociology
at Upsala College (Soc 150); freshman-level Computer-Assiste.
Statistics at Upsala (CC140y): Introduction to Computer Science
(CIS213) at NJIT; and an upper-level introductory course in
statistics for engineers at NJIT (Math 305, Statistics for
Technology). The latter three courses were repeated online in the
Spring cf 1987, in order to allow the instructors to improve their
online courses, based on their experiences the first time, and to
increase the number of subjects in the study.

The two colleges provided very different implementation
environments. Upsala is a small liberal arts-oriented college with
one microcomputer laboratory and little prior integration of
computing into the curriculum. NJIT is a technological university
where for the last two years, incoming freshmen have been issued
IBM-PC compatible microcomputers to take home, and computers are used
in all freshman-level courses.

In additiorn, some courses were taught with mixed modes of
delivery (partially online and partially face-to-face). This
included the extensive laboratory component of NJIT’s introductory
management course (0SS 471), which had for two semesters one section
that conducted its management laboratory exercises in the traditional
manner (offline), and one which used the VC as a "Virtual

16
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Laboratory." Other courses which used VC in a mixed or adjunct mode
included Organizational Communication, a Freshman Writing Seminar, an
Anthropology course on North American Indians, and a course in
Business French (all at Upsala). The project also included some data
collection on courses offered online to distance education students
by other institutions: the media studies program offered by the New
School through Connected Education on EIES, and a graduate-level
course offered by the Ontario Institute on the PARTIcipate system.

Most of the data used in the study were collected with a pre and
post-course questionnaire. 1In addition, we also have more
"objective" or behavioral data, including grades (when appropriate or
available), and amount and type of online activity; plus qualitative
observations and interviews.

The sections which follow provide the background for the
remainder of this report. They describe the project goals; summarize
some related studies on teaching methods and the measurement of
educational outcomes:; summarize characteristics of CMC that may be
related to its use as a mode of educational delivery; describe the
software tools that were developed to enhance CMC for educational
delivery; and present the theoretical framework and hypotheses that

guided the study.
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PROJECT AND EVALUATION GOALS
The goal of the "Virtual Classroom" is to improve access to and
the effectiveness of post-secondary education.
As Ehrmann (1988, p. 2) points out,

Access is a problem for virtually all students. The
most severe access problems :re faced by people who, for
reasons of location, job, handicap, economic or cultural or
linguistic disadvantage, age, or other factors cannot
enroll in a degree program. But access problems also
impede students who are enrolled. Part-time or full-time
jobs may make it difficult to attend the particular classes
these students most need. They may have time for study,
but not when other students are available for a study
group. Sometimes the instructional resources they find may
be suitable for the average learner, but not for their
exceptionally high abilities or their unusually weak
preparation.

"Access® in this broad sense my be ihproved by the Virtual
Classroom in the following ways:

.Students may take any course from any instructor from any
institution in the world which is offering courses in this mode.
Thus, they are not limited to courses and degree programs
offered in their geographic locality.

-Students may participate at any time of the day or night that they
have the time and the inclination. Opportunities for feedback
from the instructor and interaction with other students are not
limited to a few fixed times per week.

.Students for whom travel is difficult may work from the relative
comfort and convenience of their homes. This might include the
handicapped, the aged, or those who must be at home as much as
possible to care for children or other dependents.

. For non-resident students, the time normally spent commuting to
and from campus (and finding a parking space) can instead be
devoted to coursework.

. The technology makes it easy to exchange information that is
difficult to share or disseminate in the traditional classroom.
For example, a program as well as the output from a run may be
passed back and forth among students or between student and
instructor, for discussion of problems or bugs. They may be
given the privilege of looking at the drafts or completed
assignments of other students, in order to comment, compare, or
offer constructive criticism. CMC also allows all students an
equal opportunity to ask questions and make comments, even if
they have difficulty in putting their ideas into words quickly.
They may take as long as they need to formulate their questions

18

co
O



and contributions.

However, it must also be recognized that, at least when used as
the sole means of educational delivery, access may be limited in the

following ways:

.Currently, only a few institutions offer a few courses online. If
a student wishes to complete an entire degree program online,
the choice of courses is severely limited at present.

.Students who do not have a microcomputer and a modem at home or at
work will have to travel to use the necessary equipment, and
will be disadvantaged relative to those who do have the
equipment which makes access convenient. This is likely to be
related to socio-eccnomic status, since the poor are not likely
to own microcomputers, modems, etc., or to have jobs which
provide them with such equipment.

However, lack of equipment need not be related to ability to
pay. Yor instance, NJIT provides a microcomputer tec all Freshmen and
transfers who register, which is theirs to use for the four years
that they are a student. Since the cost is "built into" the tuition,
it is state-subsidized, and anyone with financial need may receive
assistance which in effect pays for their use of the computer as an
educational tool.

.Lack of instantaneous feedback. In the face-to-face classroom, as
soon as a question is asked, the answer may be received. 1In
this asynchronous medium, it may be hours or as long as a day
until an answer is received. Moreover, the teacher might be
more likely not to answer at all, or to send a "group answer' to

several related messages, which does not deal adequately with
each one.

Immediate feedback is possible with this medium, if the
participants are online at the same time. Students working together
may arrange to be online at the same time, so that they can pass
drafts back and forth and engage in near-instantaneous exchanges of
remarks. Sctudents may also work side-by-side in a laboratory
setting, talking about and pointing to things on their screens.
However, these are the exception. Most of the time, communication

will be asynchronous, with answers to questions delayed.
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.Students with poor reading and writing skills may have their
effective access lessened, since the only means of communication
is based on writing (typing) and reading.

.Lack of skill using a microcomputer, and software bugs or hardware
"crashes," might severely hamper timely exchange of
communication.

Effectiveness is defined in terms of the extent to which a
course achieves a set of learning goals for the learner.
Effectiveness may be improved in the following ways:

.Facilitation of "collaborative" or "group" learning in a
peer-support and exchange environment. Since students may "work
together" asynchcnously, they can do joint projects or
collaborate in other ways even though their scheciules make it
difficult to work at the same time.

.More "active" learning than in the traditional classroom. The
computer forces responses and attention from the participants.
They cannot just sit there passively and "tune out;" they must
keep doing things in order to move through the materials and
activities of the course. The active participation of each
student may be "forced" by the software used, which may, for
instance, require each student to enter answers to a question or
assignment before they can move on to another activity.

.Facilitation of "self-pacing," that is, learning at a rate
adjusted by the receiver rather than by the "sender." The
student controls the pace; he or she may read as slowly or as
quickly as is comfortable; may answer immediately or take a long
time to think over a question or assignment before submitting a
response. "Remedial" or "enrichment" modules or activities may
be provided for those who are need more background or are
capable of proceeding further than the average members of the
class, and the "average student" may choose not to receive these
optional materials.

An example of self-pacing was noted during the pilot phase of
this project. Students whose native language was not English spent
more time online than those whose language was English. Having taken
longer to read and re-read materials, however, their level of
contribution and was equal to that of students fcr whom English was
the native language.

.The use of other computer resources (such as running a Fortran or
Pascal program, simulations. or statistical analysis routines)
may be "built into" the Virctual Classroom. Thus, students who
could not afford to buy all this software themselves may have
shared access to computer-based tools useful in their

coursework. More importantly, as noted above, teacher and
20
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learner may look at one another'’s input or output from software
embedded in a CMC, for example, exhanging LOTUS spreadsheets and
programs, or exchanging code and outputs for Pascal prograns,

.Complete notes are an automatic byproduct of the process. These
are searchable and manipulatable in various ways. Thus, the
student does not have to choose between active participation and
having a record of the class, as he or she often must do in a
face~to~-face lecture/discussion.

Evaluation of this project was both "formative" and "summative."
As a formative evaluation, observational and questionnaire based data
were used to obtain feedback on specific subsystems and features
designed to support the educational process, in order to improve the
functionality and ease of use of the final software designs. As a
summative evaluation, the goals are to explore the following

questions:

1> What are the most effective teaching and learning processes in
the virtual Classroom (VC)? How do differences in process
relate to differences in outcome, in online vs. traditional
classrooms (TC)? For a2xample, do students take a more active
role online? Do they communicate less or more with other
students? Included will be measures of amount and type of
activity level by students and faculty.

* What are the advantages and disadvantages of this mode of
delivery for attaining specific educational goals, as compared
'n traditional classes? How do these vary with characteristics

e subject matter, teaching or presentational techniques,

- characteristics, and access to and type of equipment

L4
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5> Are the overall outcomes for VC and TC essentially exchangeable,
or is one mode clearly superiolr to the other? Are the two modes
so different that it is not possible to s:y one is better than
the other, just that they are very differ:nt? For example, when
differences in student ability or motivation are taken into
account, are outcomes such as exam scores essentially
comparable? How do outcome measures for classes using single
modes of student-teacher interaction (e.g., face-to-face or
online) compare to "mixed modes" courses using a combination of
delivery media? Is this related to differences in types of
subject matter or student characteristics?

4> Given the above findings, what implementation techniques and
what applications are recommended for future use of this
technology?
21




Note that the first two goals listed have to do with what would
statistically be termed "within group" variance, as compared to
"between group" variance. That is, we expect a wide range of
variability in observed and self-reported outcomes for students in
the Virtual Classroom setting. In terms of priorities, we were most
interested in describing and/or explaining the variables which seem
to be associated with especially good and especially poor outcomes in
this new teaching and learning environment.

The third goal is to identify the "aver=zge" outcomes for three
modes of course delivery (VC, TC, and mixed) and to determine if
there are any significant differences among them.

This is an initial experiment with a limited number of subjects.
Thue, we do not expect to be able to provide definitive answers to
the above questions. The evaluation research is exploratory, aimed
at identifying the most important variables associated with
differences in course outcomes, particularly the interaction among
student characteristics, teacher behavior, and mode of delivery.
Further research with a larger number of students, with a wider range
of courses and software variations, and with variations in the extent
and strategy for employing the Virtual Classroom approach in courses,
will be necessary to establish more precise estimates of "causes" and

"effects" in this new eaucational environment.
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LEARNING IN THE VIRTUAL CLASSROOM

"Education is the structuring of a situation in ways that help
students change, through learning, in intentional (and sometimes
unintentional) ways." (Johnson and Johnson, 1975, p. 2) The
instructor who uses a Virtual Classroom employs computer-mediated
communication to create and structure the learning situation.
Students who take courses in a "Virtual Classroom" are expected to
learn the course material in a variety of ways- Much of the learning
of concepts and skills should occur independently, from reading texts
or assigned articles, lis.2ning to audiotapes, and/or using other
computer tools such as Computer Assisted Learning software on a PC or
mainframe software to run large programs.

In the class conference, the instructor presents supplementary
"electures" (electronic lectures) and leads a discussion. Here, the
students must put what they have learned into their own words,
answering questions about the material raised by the instructor and
responding to the contributions of other students.

Attached to the conference may also be various computer-mediateci
"activities" to be performed by students. For instance, there may be
a quiz to take, or a computer program to write, compile, and run.
Such activities are actually programs, rather than text, which are
triggered to run when the student chooses to "do" the activity. This
concept of activities, above and beyond the exchange of text, is one
of the key software innovations of the virtual Classroom project.

For individual questions, the student may communicate with the
instructor or other students by private message. For individuval or

team writing or laboratory assignments, an online notebook may be
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used to create and edit material, with the results being shared with
the instructor and/or other students in the class.
The Virtual Classroom also offers some special opportunities,
including:
-Interaction and feedback may occur on a daily basis, rather than

being available only during a few scheduled hours during the
week.

.Pen names may be used in contributing responses to questions or
assignments. This may enable the student to share ideas and
" experiences without embarrassment or revealing confidences. For
instance, in a Sociology course, students used pen names in
applying concepts of different types of socialization to their
own childhood, and in applying concepts about factors related to
interpersonal attraction to one of their own relationships.

.Students may learn by taking the role of teacher, being
responsible for summarizing the important points of 2 topic or
"outside reading" for the benefit of the rest of the class.

.Students may be forced to think and respond for themselves rather
than passively listening to the instructor or other students.
For instance, in one variety of the "response branch" activity
designed for this project, students must independently answer a
question before they can see the answers of the other students.

.Putting questions and answers into a written form may aid

comprehension for some students. It may also improve their
writing skills.

The specific types of learning activities online vary a great
deal from course to course, depending on the subject matter and the
skills and preferences of the teacher. Included in the Appendix to
Volume 2 of this report is a narrative description of the classes
which used the "virtual Classroom" during the 1986-87 year. These
were prepared by the instructors in response to a list of issues and
topics to be covered, and explicitly include "lessons learned" about

effective and ineffective procedures and assignments.
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EDUCATIONAL TECHNOLOGY AND EDUCATIONAL EFFECTIVENESS
There is extensive literature on the effects of medium of

communication on learning; on educational innovations in general; and
on the instructional uses of computers in particular. In addition,
there are many publications in the area of computer~-mediated
communication, and a few on the use of computer-mediated
communication to support educational delivery. Eazh of these areas
of previous research has relevance for predicting problems,

opportunities, and effects in implementing a "Virtual Classroom."

Comnunication Medium and Educational Outcomes
Previous studies of courses delivered by television or other
non-computer media tend to indicate "no difference" in basic
outcomes. For instance, Schramm (1977, p. 28) states that

Overall, there is no basis in the research for saying that
students learn more or less from television than from classroom
teaching. This does not mean that under some conditions of
teaching some students do not learn more of a certain subject
matter or skills from one medium or channel of teaching than
from the other. But the results of the broad comparisons say
that there is, in general, no significant difference.

Each medjium of communication has its advantages and
disadvantages. Outcomes seem to be related more to the particular
implementation of an educational use of a medium than teo intrinsic
characteristics of a medium. Implementations which capitalize on the
strengths of a medium, and which circumvent or adjust for its
limitations, can be expected to be successful in terms of outcomes,
while other implementations will be relative failures. Certainly, we
know that some courses offered in the traditional classroom are more
successful than others, and that this can be related to variations in

the teaching skill and style of the instructor. Thus, it is not that
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"media do not make a difference," but other factors may be more
important than or interact with communication medium in affecting
educational outcomes for students. A primary goal in studying a new
medium of communication for educational delivery must be the
identification of effective and ineffective ways of using it. clark
and Salomon (1986, p. 10) summarize this lesson on past research on
the instructional impact of new media as follows:

Even in the few cases where dramatic changes in achievement

or ability were found to result from the introduction of a

medium such as television... it was not the medium per se which

caused the change but rather the curricular reform which its
introduction enabled.

The "curricular reforms" which the Virtual Classroom approach
may enable are greater utilization of "active learning" and of "group
learning."

The Computer and Active Learning

Development of the computer as an aid in the educational process
has thus far focused on Computer-Assisted Instruction (CAI). In CAI,
the student is communicating with a program in the computer which may
provide a tutorial, drill-and-practice, or simulation and modelling
exercises. At least for certain types of students and instructional
goals, computer-assisted instruction (CAI) can be more effective than
traditional methods alone. 1In their comprehensive review of CAI,
Chambers and Sprecher (1980) conclude that it has many advantages
when used in an "adjunct" or supplementary mode within a regular
classroom, with class discussion following. Learners are forced to
be actively involved in the learning process, and each may proceed at
their own pace. Feedback tailored to each individual student
provides the kind of reinforcement that will aid learning. However,
when used as the sole or "primary" mode of instruction for distance

learning, it appears to be effective only if there is also
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"significant" communication between teacher and student: "Primary
CAI, and distance learning in general, may achieve results similar to
those for adjunct CAI as lcng as there is sufficient human
interaction accompanying the use of the CAI materials" (Ibid., p.
336).

Bork (1981) has been prominent among those who have emphasized
the possible use of the computer as a "responsive learning
environment." Creat/ng an "active learning situation" (Bork, 1985) is
the‘prime consideration in computer applications to education, from
this point of view. The "drill-and-practice" CAI approach has been a
limiting and negative influence upon developing the educational
potentials of the personal computer. Too often, people using
computers "tend to transpese books and lectures, and so they miss the

component of active learning which is so important" (Bork, 1985).

Instructional Strategies: The Concept of Collaborative Learning

CMC is particularly suited to the implementation or
collaborative learning strategies or approaches. Literally, to
collaborate means to work together (co-labor). Collaborative
learning means that both teachers and learners are active
participants in the learning process; knowledge is not something that
is "delivered" Fo students in this process, but rather something that
emerges from active dialogue among those who seek to understand and
apply concepts and techniques. 1In the collaborative learning model,

Education does not consist merely of "pouring" facts from the
teacher to the students as though they were glasses to be filled
with some form of intellectual orange juice. ~owledge is an
interactive process, not an accumulation of Trivial Pursuit
ansvers; education at its best develops the students’ abilities
to learn for themselves... Another way to say this is that
collaboration results in a level of knowledge within the group
that is greater than the sum of the knowledge of the individual
participants. Collaborative activities lead to emergent
knowledge, which is the result of interaction between (not
summation of) the understandings of those who contribute to its
27
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formation (Whipple, 1987, p. 5).

Johnson and Johnson (1975) use the term "goal structure" to
refer to the pedagogical strategy or structuring of relationships
among students that is used in a course. we are reserving the term
"goals" to refer to the desired outcomes, and in the quotations
below, have changed their term "goal" to "strategy."

Instruction can be defined as the process of arranging
the learning situation in such a way that student learning
is facilitated... Our theory of instruction states that
successful instruction depends upon the following
components:

1. Specifying desired outcomes for the students and
setting app_opriate instructional goals.

2. Implementing the appropriate [strategy...
Strategies] can be cooperative, competitive, or -
individualistic.

3. Assembling the instructional materials and
resources needed to facilitate the desired learning.

4. Creating an instructional climate that facilitates
the type of interaction among students and between students
and teacher needed to achieve the instructional goals.
(Johnson and Johnson, 1975, p. 3).

A [strateqy) specifies the type of interdependence
existing among students. It specifies the ways in which
students will relate to each other and to the teacher in
the accomplishment of instructional goals. There are three
types of [strategies): cooperative, competitive, and
individualistic... A cooperative goal structure exists when
students perceive that that can obtain their geoal if, and
only if, the other students with whom they are .inked can
obtain their goal... A competitive goal structure exists
when students perceive that they can obtain their goal if,
and only if, the other students with whom they are linked
fail to obtain their goal... An individualistic goal
structure exists when the achievement of the goal by one
student is unrelated to the achievement of the goal by
other students... Usually there is no student interaction
in an individualistic situation, since each student seeks
the outcome that is best for himself regardless of whether
or not other students achieve their goals. (Ibid, p. 7)

Most distance learning has taken place using an individualistic
or self-study strategy. With a totally individualistic learning
strategy, CMC might speed up and increase feedback between the

individual student and the teacher, but other students would not be

involved in interactions related to the course material. A
28
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competitive strategy might be implemented using CMC to help to
provide motivation and a reference group for students, so that they
could see how they were doing in comparison to other members of the
class. However, computer-mediated communication is especially well
suited to collaborative cr "cooperative® learning strategies. This
is the pedagogical approach which the instructors in this project
tried to incorporate into their online classes, at least to some
degree. One can also use mixed strategies; for instance, there might:
be two or more groups, each of which collaborates internally but
which also competes with other groups in the class.

For example, most courses included one or more "seminar® type
segments in which the students became the teachers. Individual or
small groups of students were responsible for reading material not:
assigned to the rest of the class; preparing a written summary for
the class of the most important ideas in the material; and leading a
discussion on the topic or material for which they were responsible.
Seminar format is generally restricted to small classes of very
advanced students in the face-to-face situation, because it is too
time consuming to have more than about 15 students doing major
presentations. Secondly, less advanced students may feel very
empbarassed and do nof present material well in an oral report to
their peers, and are even worse at trying to play the role of teacher
in conducting a discussion. In the written mode, they can take as
long as they need to polish their presentations, and the quality of
their work and ideas is what comes through, not their public speaking
skills. Other students can read material in a much shorter time than
it would take to sit through oral presentations. If the material is
poorly presented, they may hit the "break" key, whereas etiquette
dictates that they must sit and suffer through a poor student
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presentation in the face-to-face situation. Finally, it is easier
for students to "play the role" of teacher in this medium, which is
more equalitarian than face to face communication. Seminar-style
presentations and discussions are thus an example of a c~llaborative
learning activity which is often difficult in the traditional
classroom, but which tends to work very well in the Virtual Classroom
environment, even with fairly large classes of undergraduates.

Collaborative or group learning has been given many labels in
the educational literature, including %cooperative learning,
collective iearning, study circles, team learning..." (Bouton and
Garth, 1983, p. 2), and "peer-group learning" or "syndicates"
(Collier, 1980). The various forms include a process of group
conversation and activity which is guided by a faculty member who
structures tasks and activities and offers expertise. 1Its basic
premise is that learning involves the "active construction" of
knowledge by putting new ideas into words and receiving the reactions
of others to these formulations:

Students cannot simply assimilate knowledge as it is
presented. To understand what is being said, students must
make sense of it or put it all together in a way that is
personally meaningful... It is as if one were to teach a
child to talk by having the child listen in silence to
others for the first two or three years of life; only at
the end of the period would we allow the child to speak.

In reality, the child learns in a continuous process of

putting words together and trying them out on others,

getting their reactions, and revising speech accordingly...

An optimum context for learning provides learners with

frequent opportunities to create thoughts, to share

thoughts with others, and to hear others’ reactions. This

is not possible in the traditional claryroom (Bouton and

Garth, 1983: 76~77).

Collier (1980) summarizes many reports of an increased
involvement of students in their courses as a result of grc 1p
learning structures, including better class attendance (reported by
Field, 1973); greater expenditure of time on the work outside of
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¢l s (Collier, 1963; Rudduck, 1978); greater satisfaction with the
course (Beach, 1974; Goldschmid & Goldschmid, 1976) and an increased
wish to pursue subsequent studies on the topic (Beach, 1974).
Collier alsn notes that although most reports show "no difference"
between courses based on small-group discussion and courses based on
lectures and other more traditional modes of instruction (e.qg.,
Costin, 1972), there are some documented cases in which knowledge
gained by students was greater in the small-group setting (e.gq.,
Blunt & Blizzard, 1973; Erskine & Tomkin, 1963; Clement, 1971).
Finally, there are many reports that group learning enhances
"higher-order" intellectual skills, such as the application of
learned principles in fresh situations, critical thinking, and the
synthesis of diverse materials (Clement, 1971; Costin, 1972; Rudduck,
1978; Abercrombie, 1979).

Studies of Teaching Innovations

A number of other teaching innovations to encourage "“active
learning," "self-pacing," and/or "immediate feedback," involving
either teaching techniques or technological devices, have been
described in the literature. Many of these innovations have been
reported as pedagogical successes, but they have not been diffused
widely because of the demands made on faculty. For instance, Tarter
(1982) describes his use of "group incentive techniques" which
divided a class into study groups and based part of the students’
grades on the daily quiz averages for the whole group. Though
successful in terms of increasing student motivation and performance,
the technique was abandoned after five years because it was too
labor-intensive to prepare and grade daily exams.

The "PSI"™ ovr Personalized System of lnstruction (Keller and

Sherman, 1974) emphasizes self-pacing, the use of written materials,
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tutorial assistance for learning from student peers, and "mastery
learning." (Students must score 90% or better on a test unit before
moving on to another unit.) Malec (1982) reports that the advantages
are that students learn more and like the method; the major
disadvantage is that the method requires a great deal of pre~-course
preparation and a fairly elahorate administrative apparatus. Though
Malec confirms that after nine years of PSI in a statistics course,
he was still using the method, he laments that despite presentations,
articles, and videotapes, he is not aware of a single other colleague
at his institution who had adopted the method.

There are thus many competing and complementary educational
innovations. In order for the Virtual Classroom to be a "success,"
it must not only "work," but its use must diffuse among educational
institutions. 1In the long run, diffusion of the innovation may be
much more difficult and problematic than the technological progress
on which it is based.

Computer-Mediated Communication Systems

CMCS'’s use a computer to facilitate communication among people
who are dispersed in space or time. Although available since the
early 1970’s (Turoff, 1972), CMCS’s were not widespread until the
1980s, when personal computers became widespread in offices, schools,
and homes. |

The most common form of CMCS is "electronic mail" or message
systems, vhich deliver discrete text communications from a sender to
one or more recipients via computer networks. Message systems are
one~-to-one or one-~to-many replacements for the written internal memo,
the letter, or the telephone call. Conferencing systems are
structured to support cooperative group work and group discussions.

There is extensive literature on CMC, encompassing hundreds of
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books and articles. (For reviews, see Rice 1980, 1984; Kerr and
Hiltz, 1982; Hiltz, 1986a; Steinfield, 1986; culnan and Markus, 1987.
For a general discussion of CMCS, see Hiltz and Turoff, 1978;
wohansen, Vallee, and Spangler, 1979; Uhlig, Farber, and Bair, 1979;
Rice 1984. Hiltz and Turoff, 1985, discuss alternative structures
for CMCS). "sStructure" can be provided by software tools or by
explicit statement of guidelines for interaction. Among the
objectives of such structuring devices are message routing, message
sunmarization, and social organization (Huber, 1982b; Hiltz and
Turoff, 1985). Conferencing software usually provides structuring
devices such as key words and sequential or trunk-and-branch
numbering of discussion items, and often includes special roles or
powers for a group leader. If there are data as well as qualitative
communications ianvolved, ranging from simple yes-no votes to large
tables or files of information bearing on a decision, the computer
can serve as a suppuri tool by organizing, analyzing, formatting, and
feeding back the data to the group. Finally, special structures can
be designed for programs to be executed, such as a Fortran program to
be compiled and executed, or a test to be administered.

Early research on the social effects of CMC was aimed at
generalizations about the impacts of the new medium. For example,
Johansen, Vallee, and Spangler (1979:180~181) summarize a number of
studies with the statement that "computer conferencing promotes
equality and flexibility of roles in the communication sjituation" by
enhancing candor of opinions and by helping to bring about greater
equality of participation. On the basis of early pilot studies
comparing face-to-face and computerized conferences, Hiltz and Turoff
(1978:124) conclude that more opinions tend to be requer:ed and

offered in computerized conferences, but that there is also less
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explicit reaction to the opinions and suggestions of others.
However, the democracy bordering on anarchy which characterizes
unstructured or "free discussion" cCMC makes it difficult for groups
to come to agreement on compiex issues or problems (Sproull and
Kiesler, 1986). |

A second generation of research on CMC seeks a better
understanding of the conditions under which the general tendencies of
the medium are stronger, weaker, or totally absent. For example,
current work at the New Jersey Institute of Technology focuses on the
development and evaluation of a variety of new capabilities for cMc.
The goal is to discover the interactions amecng task types,
communications software, and individual or group attributes that will
allow the selection of optimal system designs and implementation
strategies to match variations in user group characteristics aﬁd
types of tasks or applications.

Much of the research on teleconferencing has focused on the
question of the appropriateness of alternative communication modes
for different functions. Media differ in "social presence:" the
feeling that a medium is personal, warm, and sociable rather than
impersonal, cold and unsociable (Short, Williams, and Christie;, 1976;
Rice, 1984). The paucity of non-verbal cues in CMCS may limit
information that serves to improve perception of communication
partners, to regulate social interaction, and to provide a social
context for communication. On the other hand, participants may
explicitly increase overt social-emotional expressions such as
greetings (Duranti, 1986) and paralinguistic cues (Carey, 1980), in
order to compensate for the missing communication channels.

A controlled laboratory experiment on small group problem

solving used Interaction Process Analysis (Bales, 1950) to compare
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the proucess and outcomes of computerized conferences vs. face-to-face
discussions (Hiltz, Johnson, Aronovitch, and Turoff, 1980: Hiltz,
Johnson, and Turoff, 1986). There were proportionately more of the
task-oriented types of communication associated with decision
quality, and proportionately less of the social-emotional types
associated with ability to reach agreement, in the computer
conferences. Some analysts have asserted that CMCS are unsuitable for
social-emotional communication (e.g., Heimstra, 1982), whereas others
have described high levels of social-emotional content which may get
out of hand (e.y., Hiltz and Turoff, 1978; Rice and Love, 1987;
Sproull and Keisler, 1986). 1In designing the Virtual Classroom
project, we desired to identify software structures and teacher
behavior or approaches that would support the full range of
communication necessary for effective education, including the
social-emotional interaction necessary in order for students to

establish cooperative relationships with their instructor and peers.
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SOFTWARE TOOLS FOR A VIRTUAL CLASSROOM

A variety of educational institutions are using simple message
systems (e.g., Welsch, 1982; Quinn, et. al., 1983) or existing
conferencing systems to supplement traditional delivery modes or to
totally conduct a course. ( An Appendix to volume 2 includes an
annotated bibliography providing an abstract for all published case
studies that could be located ). Particularly notable are efforts by
Harasim and her colleagues (Harasim, 1986, 1987; Harasim and
Johnson, 1986; Davie, 1987) using PARTIcipate at the Ontario
Institute; of Deutshman and Richards and their colleagues, also using
PARTIcipate, at NYIT (e.g., Haile and Richards, 1984); of McCreary
and her colleagues at Guelph, using COSY (McCreary and Van Duren,
1987); and of Nipper and his colleagues, using COM in Denmark
(Nipper, 1987).

Electronic mail has been used in an "adjunct" mode to support
classes delivered primarily via other media. For instance, Welsch
(1982) reports that electronic mail led to a much more "interactive"
class. Even grading became interactive, with the students arquing
for better grades on specific papers and making iterative changes to
their assignments. Quinn et. al. (1983) also documented a "higher
proportion of student turns to teacher turns" in messages exchanged
via computer than in the face-to-face classroom. In addition,
centent analysis showed that the length of responses by students was
much longer in éomputer-mediated communication. Thece observations
about changes in the balance and nature of interaction among the
instructor and the class members were also decumented in pilot
studies of earlier online courses on EIES (Hiltz, 1986).

Our own pilot studies were based on using the existing EIES
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software to supplement traditional courses or to deliver aon-credit
continuing education courses. Though the results were promising
(Hiltz, 1986b), it was evident that there were many limitations to be
overcome, parti- ilarly for standard college~level) coursses that
required numerous assignments and examinations as part of the course
work. Conceptually, we divided these into a set of structures called
Branch Activities which could be attached to a class conference in
order to support special types of assignments or delivery of material
for activities that were to involve the whole class; a set of
teaching support tools to help the instructor manage assignments and
grading and quizzes for individual students; and micro-computer based
software for the integration of graphical information with text

information.

Branch Activities for Class Conferences

BRANCH is the generic term used to describe activities which are
attached to comments in a conference. The conference comments form a
linearly numbered "trunk;" and the "branches" attach to one of the
main conference comments. All of the responses our activities related
to that branch are gathered together there, instead of keing
scattered throughout a conference as many separate comments. Rather
than automatically recieving everything that has been entered by any
participant, as with comments, participants choose to undertake the
activities in a branch only when they are ready do do so, and
explicitly give a command. A record is kept of DONE branches and a
review choice for branches helps users to keep track of which
activities they have completed, While students may access only their
own records of done and undone branches, the instructor can review
the Bra ch Activities status of any of the students.

The Branch Activities subsystem was developed specifically to
37
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support online classes or a "Virtual Classroom," but it may be useful
for other applications.

Currently there are three types of branches. The most
frequently used for online classes is the "RESFONSE" branch. One or
more questions for response by other conferance members is contained
in the main conference comment setting up a response branch. All of
the responses are attached to this branch (comment) number. Most
importantly, the author of a response branch can gspecify that each
person MUST ANSWER BEFORE SEEING THE RESPONSES OF OTHERS. This is
very important for making sure that each person can independently
think through and enter his or her own ideas, without being
influencgd by responses made by others, Alternatively, the author of
a respeonse branch can allow participants to see responses of others
before having an opportunity to add their own response.

A READ branch allows essay or lecture type materials to be
divided into sections. Each section has a title, and can be read
by selecting that section from the table c¢f contents for the
read branch. When you do a read branch, you can choose to read just
some sections that particularly interest you, or the whole thing.

SELECTION branch allows the members of a conference to choose
selections from a list (such as a 1list of available topics
for student assignments) and indicates who has chosen which item so
far. Without such a mechanism, allocating selections to students
would require either dictatorship by the instructor, or a harrage of
message traffic. The selection branch procedure also has the
advantage of motivating students to make their seiections early,
since whoever makes a selection first gets it. Finally, as soon as a
valid selection is made, it is confirmed for the student, who may
immediately begin work on the topic.
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Some branches may be structured to allow the use of a PEN NAME,
so that students may feel more free to communicate about personal
feelings. If the conference moderator decided not to allow pen name
responses to branches, then everything will be entered with the
regular signature. |

Finally, Branch Activities may be sequenced. This means that

the instructor in a class conference or others who are authorized to
create branching activities may specify that two or more branches
must be done in a specified order. This allows the instructor to
control the order in which various activities or course modules are
completed by a student.

No » tter what type of Branch Activity one is concerned with, it

is accessed through the same menu or interface:

BRANCH CHOICE?

Choose From:
Get Branch
PDisplay Branch
Review Branch
Do Branch
Modify/Delete Item
Author/Create Branch
Set Interaction Mode
Monitor
Create/Modify Unit

PN AN P S S o S s P~
WOJAU & WK =
st Vst” N P Nt st Vapmt® Vant® “eamt® Voput®

The user who enters a question mark at "branch choice" receives

the following explanation of the m=znu:

CHOICE WHAT IT DOES

1 Gets the root comment for a branch item, header plus
text.

2 Displays the header for the root comment of a branch.

3 Reviews all branch items and your status on
completing each one.

4 "Do"" branch will enable you to respond to a
response branch, read a read branch, etc.

5 Allows you to modify or delete a response or branch
which you wrote.

6 Allows you to create a branch IF the moderator of the
conference gave you that privilege.

7 Allows you to switch to a "batch" mode whereby all

branch items print without pausing to ask if you
want to see each one.
8 Monitor or teacher privileges to manage the activities.
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9 Allows organization and reorganization of individual
activities into sequences.

Conceptually, there is no end to the kinds of "Branch
Activities" that can be added to a Virtual Classroom. The Branch
Activity software consists of a set of programs which lead the author
through the process of setting up the activity; a set of programs
which lead the participants through actually doing each type of
activit/; and a common interface for accessing, tracking, and
managing the whole set. For instance, with funding from ITT, we are
currently adding an activity designed to handle the integration of
input to and output from LOTUS 1-2-3 as a type of activity.

We found that adding this new subsystem does ciecate an
additional level of complexity and learning time for the student {(and
faculty member!) However, in large classes with a number of
assignments and activities, trying to do everything in a linear
conference structure quickly results in a disorganizad and
unmanageable situation for both students and teachers.

The only way to implement a special subsystem such as Branch
Activities within EIES1 is to use its fully interpreted high-level
' ‘nguage, INTERACT. While INTERACT is relatively easy to change and’
thus suited for a system under development, it runs slowly: Delays of
30-60 seconds are not uncommon. The larger the subsystem gets, the
more slowly it runs. |

In the new system being built called TEIES (Tailorab.e
Electronic Information Exchange System), activities will be an
integral part of the architecture and will not operate particularly
slowly. For this prototype implementation of Virtual Classroom
structures, the decision was made to support only three types of
Branch Activities, and to develop other special programs and types of
activities as separate routines, not slowed down by the.overhead of
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the Branch Activities subsystem on EIESl. This next set of special
tools relates to individual assignments, rather than to shared
activities in conferences; thus it also differs in that the use of
these tools was channeled through messages and .ioGtebooks, rather
than through the shared class conference.
Instructional Management Tools

As both a systems analyst familiar with EIES1 and Interact, and
an instructor in the virtual Classroom project, B.J. Gleason was in
an ideal position to develop a series of instructional management
routines (see Gleason, 1987, for a manual and full description).
These included:

-Makequiz, Quiz, and Grader-- Makequiz allows an instructor to
create an online quiz, which may consist of a variety of forms of
questions (e.g., multiple choice or other "objective" guestions,
essay questions, or "short answer" responses such as the answer to
a computation problem). Quiz allows the student to take an online
quiz, and Grader guides the automatic grading and issuing of
messages to students reporting their grades on the quiz. There is
also a spreadsheet-like program, "Gradebook," which organizes and
computes weighted averages for all grades for each student, and
which students can consult to see their grades and average at any
time.

."Assignment" and "Handin" automatically organize and track all
student responses to a single assignment in a designated page in
the instructor’s notebook. For large classes with many
assignments, this can be very important, since otherwise the
instructor would have to find, sort, ard transfer each of the
individual assignments arriving as messages.

.Pascal, Fortran, and Debug provide for compiling Pascal or Fortran
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programs in a "batch" or "background" mode on EIES. This set of
tools for courses involving programming allows the instructor to
see the program as well as the compiled result, in order to
improve ability to help students and to comment on the quality and

correctness of their code.

Personal TEIES: Integrating Graphics and Text

The objective of Personal TEIES is to allow an instructor or
student to compose and display, on a microcomputer, text that is
integrated with simple graphics, including pictures and mathematical
symbols. The graphics are composed using a subset of the Graphical
Kernel System and are then encoded in NAPLPS, the North American
Presentation Level Protocol Syntax, for transmission and storage in
EIES, TEIES, or any other CMCS that accepts ASCII code. The initial
version was implemented for the IBM PC and compatibles; we hope to
implement future versions for the McIntosh and other popular types of
microcomputers.

The graphical items created and displayed in Personal TEIES are
meant to emulate a blackbecard in the traditional classroom, with
class members not only able to look at one another’s drawings, but
also able to "erase" and "redraw" an item. Because it is encoded in
NAPLPS, rather than communicated as a bit-map, it can be transmitted
over a telephone line; and, when versions for different micros are
completed, a graphical item drawn on an IBM-PC compatible could be
displayed by a user of another brand of micro.

Unfortunately, Personal TEIES was much more difficult to
implement in the IBM-PC environment than we had anticipated. A
completely operational version was not ready until the end of March,
1987. This version was used for a few exercises in Math 305, the

other courses had to get along without the graphical capabilities
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which we had hoped to provide. (See Foster, 1986 and 1¢37, for the
initial and final specifications for Personal TEIES; Harting, 1986
for the user’s manual for version 1.0. We did learn a lot from the

limited trials with the initial version.)
- THEORETICAL FRAMEWORK

This study builds upon previous work on acceptance of
computer-mediated communication systems and on teaching
effectiveness, both in conceptualizing the variables which can be
expected to affect the process and outcome of online courses, and in

operationalizing the measures of outcomes.

Dependent Variables: Measuring the Success of the Virtual classroom

"Acceptance" or "success" of computer systems is sometimes
assumed to be unidimensional. For instance, if employees use an
interactive computer system, then it may be defined by management as
"successful." "Technicists" (see Mowshowitz, 1981) or "systems
rationalists" (see Kling 1980) may assume that if a system is
implemented and being used, then the users must 1ike it, and it must
be having the intended beneficial impacts. However, manyAsocigl
analyses of computing assume that it is much more problematic whether
or not systems have beneficia